Somatic copy number alterations (SCNAs) are frequently found in cancers as a result of the highly unstable and disorganized status of the cancer genome. Normally, SCNA leads to changes in expression levels of the genes encoded by the SCNA loci; depending on gain or loss of the copy number, gene expression level is increased or decreased, respectively. SCNA is therefore an important mechanism of dysregulated gene expression in cancer cells. Previous work demonstrated that SCNA is not only a passenger during tumor development, but that a subset of SCNAs also contribute to tumorigenesis. 1, 2 By integrating data of large-scale genomic profiling and functional genome-wide screening, scientists have identified many crucial regulators of tumorigenesis encoded by SCNA loci, including protein-coding genes and small regulatory RNA genes such as miRNAs.
Recent research indicated that the majority of the human genome gives rise to a large number of noncoding transcripts. Long noncoding RNAs (lncRNAs) are defined as RNA transcripts that are larger than 200 nucleotides but do not appear to have protein-coding potential. LncRNAs are involved in a wide range of biological processes, such as cell proliferation, differentiation, immune response, and apoptosis, and function through various mechanisms, including acting as scaffolds or guides for proteinprotein or protein-chromatin interaction, as enhancers to affect gene transcription, and as decoys to bind proteins or miRNAs. [3] [4] [5] [6] [7] [8] LncRNA expression is highly cell type and tissue specific. Like protein-coding genes, the regulation of lncRNA transcription is subjected to canonical histone modification-mediated control. However, to date few studies on SCNAs of lncRNAs and their potential roles in tumorigenesis have been performed.
In our recent study, to characterize the landscape of lncRNA gene SCNAs across cancers we conducted a genome-wide survey of single nucleotide polymorphism (SNP) microarray data in 2,394 tumor specimens from 12 cancer types. 9 We analyzed SCNAs of 13,870 lncRNAs, whose genomic location were retrieved from the GENCODE Consortium. Across the 12 tumor types, we found a high frequency (more than 25% specimens of a given type of tumor) of copy number gain and loss in an average of 12.0% and 7.6% of lncRNAs, respectively. Additionally, lncRNA SCNA profiles were tumor type specific. These results implied that a large number of lncRNA SCNAs might play specific roles in different cancer types. To narrow down the candidates for tumorigenic lncRNA genes and gain an insight of their functions in cancers, we applied 2 more selection criteria for the above lncRNAs with high frequency of copy number gain and loss: (1) the lncRNA is located in a focal amplicon; and (2) the RNA transcript of the candidate is detectable in more than 50% cancer cell lines (a total of 40 lines from the NCI60 cancer cell line panel). As a result, we finally focused on a candidate lncRNA named FAL1 (focally amplified lncRNA on chromosome 1).
Several functional experiments were conducted to characterize the oncogenic properties of FAL1. Knocking down FAL1 in cancer cell lines from different tumor types retarded their proliferation rates and led to cellular senescence. When combined with other well-known oncogenes, such as RAS (rat sarcoma viral oncogene homolog) and MYC (v-myc avian myelocytomatosis viral oncogene homolog), FAL1 dramatically enhanced the efficiency of malignant transformation in primary epithelial cells. Concordantly, FAL1 downregulation by siRNA delivery inhibited orthotopic tumor growth in a mouse ovarian cancer model. Furthermore, we found that expression and SCNA of FAL1 is associated with clinical outcomes in patients with ovarian cancer.
Since FAL1 displayed striking oncogenic activity in multiple functional experiments, it is intriguing to explore the underlying molecular mechanism. With this aim, we investigated proteins that associate with FAL1 using RNA pulldown technology. BMI1 (BMI1 protooncogene, polycomb ring finger), a core subunit of the polycomb repressive complex 1 (PRC1), was initially identified and validated as a FAL1-interacting partner. The association of FAL1 with BMI1 warranted further investigation because there is evidence that the interaction between lncRNAs and PRC1/2 represents one of the mechanisms by which lncRNAs modulate gene expression. For example, HOTAIR (HOX transcript antisense RNA) and ANRIL (CDKN2B antisense RNA 1) both associate with PRC subunits to regulate the transcription of multiple genes. 4, 10 Further studies indicated that FAL1-BMI1 association significantly enhanced BMI1 protein stability as well as the level of ubH2AK119, which is a product of histone modification by PRC1 and whose level in promoter regions directly affects gene expression in an epigenetic manner. Therefore, we further explored the profile of genes regulated by FAL1-BMI1 to help explain the oncogenic function of FAL1. Gene expression microarray analysis showed that knocking down FAL1 or BMI1 induced expression changes of a large set of target genes in common, which included genes involved in cell-cycle control and apoptosis such as CDKN1A (cyclin-dependent kinase inhibitor 1A, best known as p21), FAS (Fas cell surface death receptor), BTG2 (BTG family, member 2), TP53I3 (tumor protein p53 inducible protein 3), FBXW7 (F-box and WD repeat domain containing 7, E3 ubiquitin protein ligase), and CYFIP2 (cytoplasmic FMR1 interacting protein 2). On the other hand, BMI1 protein was found to be associated with the promoter regions of these target genes dependent on the presence of FAL1. Among the common targets of FAL1 and BMI1, we focused on p21 because of its remarkable fold change in expression and its significant contribution to tumorigenesis. We further demonstrated that FAL1 regulated cell cycle progression and cellular senescence, as well as xenograft tumor growth in vivo, by suppressing p21 expression. This explained, at least in part, the mechanism underlying the oncogenic activity of FAL1 (Fig. 1) .
It is believed that lncRNAs have great clinical potential as a class of cancer biomarkers and therapeutic targets. Our findings add a new player, FAL1, to this field. These data should aid the development of FAL1 as an informative biomarker for cancer, as well as its clinical application based on siRNA delivery targeting lncRNA FAL1 to treat cancer.
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No potential conflicts of interest were disclosed. Figure 1 . Oncogenic long noncoding RNA FAL1 in human cancers. This schematic depicts the oncogenic lncRNA FAL1 (focally amplified lncRNA on chromosome 1; the dragon), which regulates gene transcription and promotes tumorigenesis. FAL1 stabilizes BMI1 (BMI1 proto-oncogene, polycomb ring finger; the stone) by associating with it (the dragon twines around the stone) and subsequently enhances the activity of PRC1 (polycomb repressive complex 1; the pile of stone). Constant information flow from DNA to mRNA (the water stream) is essential for normal cell growth. Inhibition of transcription (blockade of water) of tumor suppressor genes, such as p21 (cyclin-dependent kinase inhibitor 1A, best known as p21), leads to cell transformation (growth of the cactus-like eremophytes instead of normal plants). Artwork by Lili Guo.
